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Background: Long-term exposure to hypertonic and high glucose in peritoneal dialysis fluid can result in peritoneal fibrosis.
Spleen tyrosine kinase (SYK) has a role in inflammation and fibrosis. This study aimed to investigate the role
of SYK in an in vivo rat model of peritoneal fibrosis and in rat peritoneal mesothelial cells (PMCs) in vitro and
to investigate the underlying mechanisms.

Material/Methods: Sprague-Dawley rats (N=24) were randomized into the sham control group (N=6); the peritoneal fibrosis group
(N=6) treated with intraperitoneal chlorhexidine digluconate; the SYK inhibitor group (N=6), treated with chlorhexi-
dine digluconate and fostamatinib; and the TGF-f inhibitor group (N=6), treated with chlorhexidine digluco-
nate and LY2109761. The rat model underwent daily intraperitoneal injection with 0.5 ml of 0.1% chlorhexi-
dine digluconate. Rat peritoneal mesothelial cells (PMCs) were cultured in vitro in high glucose. SYK expression
was measured by quantitative reverse transcription-polymerase chain reaction (qRT-PCR) and Western blot.
Enzyme-linked immunosorbent assay (ELISA) and gqRT-PCR measured inflammatory mediators. Transforming
growth factor-p1 (TGF-p1) and Smad3 were detected by Western blot. Short hairpin RNA (shRNA) was used to
target the SYK gene.

Results: SYK was upregulated in the rat model of peritoneal fibrosis and was induced rat PMCs cultured in high glu-
cose. Knockdown of SYK and inhibition of TGF-B1 significantly reduced fibrosis and inflammation. Findings in
the in vivo rat model confirmed that SYK mediated peritoneal fibrosis by regulating TGF-B1/Smad3 signaling.

Conclusions: In a rat model and in rat PMCs, expression of SYK increased peritoneal fibrosis through activation of the
TGF-B1/Smad3 signaling pathway.
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Background
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Material and Methods

Peritoneal dialysis is widely used for the treatment of dis-
eases that include chronic kidney failure [1] and peritonitis [2].
Peritoneal dialysis uses peritoneum as a semi-permeable mem-
brane and can remove metabolites, toxic substances, and cor-
rect water and electrolyte imbalance [3,4]. However, the devel-
opment of peritoneal fibrosis is currently a major challenge for
long-term peritoneal dialysis [3,5]. Peritoneal fibrosis can result
in loss of the mesothelial cell layer of the peritoneum, thicken-
ing of the sub-mesothelial layer, and vascular angiogenesis [6].
Previously published studies have shown that several factors,
including hypoxia, disorders of the endocrine system, and the
release of inflammatory mediators were associated with the
development of peritoneal fibrosis [7]. However, the molecu-
lar mechanisms underlying the pathogenesis of peritoneal fi-
brosis remain unclear.

Spleen tyrosine kinase (SYK), a cytosolic non-receptor tyrosine
kinase, is widely expressed in red blood cells, platelets, vascu-
lar endothelial cells, fibroblasts, bronchial epithelial cells, hepa-
tocytes, and osteoclasts [7,8]. SYK is involved in intracellular
signaling and transmission of activation signals of membrane
receptors to downstream effector molecules [9,10]. The im-
mune and inflammatory responses associated with SYK ex-
pression are involved in the pathogenesis of allergic diseases,
some types of cancer, and infectious diseases [11]. The find-
ings from a recently published study identified SYK is a poten-
tial therapeutic target to control liver fibrosis [12]. However,
the role of SYK and the underlying molecular mechanisms in
the pathogenesis of peritoneal fibrosis remain unclear.

Previously published studies have shown that cytokines are
involved in the development of peritoneal fibrosis, including
tumor necrosis factor-a (TNF-at), interleukin-6 (IL-6), IL-1J,
and monocyte chemoattractant protein-1 (MCP-1) [13-15].
The transforming growth factor-p (TGF-B) signaling pathway
includes a large family of multifunctional cytokines that reg-
ulate cell growth, proliferation, differentiation, migration,
and cell apoptosis [16]. The TGF-B/Smad3 signaling pathway
is an important pathway that has a role in the development
of liver fibrosis [17]. SYK has been shown to coordinate with
TGF-B in erythropoiesis [18]. However, whether SYK can mod-
ulate TGF-B/Smad3 signaling in peritoneal fibrosis remains to
be investigated.

Therefore, this study aimed to investigate the role of SYK in
an in vivo rat model of peritoneal fibrosis and rat peritoneal
mesothelial cells (PMCs) in vitro and to investigate the under-
lying mechanisms.

Animals and treatment

Adult male Sprague-Dawley (SD) rats (N=24) between 8-10
weeks old, weighing 205-300 g were purchased from Hunan
SJA Laboratory Animal Co. Ltd. (Hunan, China). The rats were
maintained in with a 12-hourly light and dark cycle and a con-
trolled temperature (23-25°C), and had free access to food and
water. This study was approved by the Institutional Animal
Care Committee at The First Affiliated Hospital of Hunan
Normal University.

After four days of regular feeding, the rats were randomized
into four groups: the sham control group (N=6); the peritoneal
fibrosis group treated with intraperitoneal chlorhexidine diglu-
conate (N=6); the SYK inhibitor group treated with chlorhexi-
dine digluconate and fostamatinib (N=6); and the TGF-f in-
hibitor group treated with chlorhexidine digluconate and
LY2109761 (N=6). Rats in the model of peritoneal fibrosis un-
derwent intraperitoneal injection with 0.5 ml 0.1% chlorhexi-
dine digluconate (Sigma-Aldrich, St. Louis, MO, USA) daily for
three weeks. Control rats were injected with an equal volume
of 0.9% saline daily for three weeks. The SYK inhibitor, fosta-
matinib (40 mg/kg), was given by gavage twice daily at the
same time when the rats were treated with chlorhexidine di-
gluconate. The TGF-B inhibitor, LY2109761 (50 mg/kg), was
given by gavage twice daily at the same time when the rats
were treated with chlorhexidine digluconate. All rats were eu-
thanized after 21 days of treatment, at which time, peritoneal
tissues sampled from all rats.

Histology and immunohistochemistry

Rat peritoneal tissue was fixed in 10% formalin, embedded in
paraffin wax, sectioned onto glass slides and stained histo-
chemically with hematoxylin and eosin (H&E) and Masson’s
trichrome for collagen. Tissue sections were viewed and ana-
lyzed by light microscopy.

Immunohistochemistry was performed on the tissue sec-
tion of rat peritoneal tissue by incubating the dewaxed tis-
sue sections overnight at 4°C in the primary antibody to SYK
(Abcam, Cambridge, MA, USA). After washing, the tissue sec-
tions were incubated in the secondary antibody at 37°C for
45 min. The intensity of immunostaining (IHC score) was cal-
culated visually as the sum of the staining intensity and area
of tissue staining, as follows: 0 (no staining), 1 (weak stain-
ing), 2 (moderate staining), and 3 (strong staining); 0 (none),
1 (<1/100), 2 (1/100 to 1/10), 3 (1/10 to 1/3), 4 (1/3 to 2/3),
and 5 (»2/3) [12].
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Cell culture and cell transfection

Rat peritoneal mesothelial cells (PMCs) were isolated using
standard trypsin/EDTA method, as previously described [19].
The cells were cultured in Dulbecco’s modified Eagle’s me-
dium (DMEM) (Gibco, Thermo Fisher Scientific, Waltham, MA,
USA) supplemented with 10% fetal bovine serum (FBS) (Gibco,
Thermo Fisher Scientific, Waltham, MA, USA) and 100 pg/mL
penicillin-streptomycin (Sigma-Aldrich, St. Louis, MO, USA) at
37°C with 5% CO,. The cells were divided into two groups,
the high glucose (HG) group, in which cells were treated with
126 mmol/L glucose and were cultured in 10% FBS-DMEM
medium (Gibco, Thermo Fisher Scientific, Waltham, MA, USA)
for 3 days, and the control group, in which cells were treated
with a normal concentration of glucose (5.6 mmol/L) in 10%
FBS-DMEM medium for 3 days.

Cells were transfected with short hairpin RNA (shRNA) for SYK
(sh-SYK) or included a negative control (NC) (5 nM) (Shanghai
GeneChem Co. Ltd., Shanghai, China), and with pcDNA3.1-SYK
or blank vector (5 nM) (Shanghai GeneChem Co. Ltd., Shanghai,
China) using Lipofectamine 2000 (GenePharma Co., Shanghai,
China), according to the manufacturer’s instructions. After 48 h
of transfection, the transfected cells were harvested and ana-
lyzed by quantitative reverse transcription-polymerase chain re-
action (gRT-PCR). The TGF- inhibitor, LY2109761 (0.5 mg/mL),
was used to suppress TGF-f signaling [20,21]. The SYK inhib-
itor, fostamatinib (5 pmol/L) was used to inhibit SYK [22].

Enzyme-linked immunosorbent assay (ELISA)

ELISA was used to measure inflammatory cytokines in serum
or cell supernatants. After the rats were euthanized, blood
samples (2 ml) were collected in tubes without EDTA to ob-
tain the serum. The supernatant was obtained after centrifu-
gation at 1800 x g for 10 min at room temperature. Serum
levels of TNF-q, IL-6, IL-1B, and MCP-1 were measured us-
ing commercial ELISA kits, including a rat TNF-o ELISA Kit
(ab46070) (Abcam, Cambridge, MA, USA), a rat IL-6 ELISA Kit
(ab234570) (Abcam, Cambridge, MA, USA), a rat IL-1f ELISA
Kit (ab100767) (Abcam, Cambridge, MA, USA), and a rat MCP-1
ELISA Kit (ab219045) (Abcam, Cambridge, MA, USA), accord-
ing to manufacturer’s instruction.

RNA extraction and quantitative reverse transcription-
polymerase chain reaction (qRT-PCR)

Total RNA was extracted using TRIzol reagent (Tiangen Biotech,
Beijing, China). The PrimeScript™ One Step gRT-PCR kit (Takara,
Dalian, China) was used to convert RNA to cDNA. The PCR re-
actions were performed using an Applied Biosystems 7500
Real-Time PCR System (Applied Biosystems, Foster City, CA,
USA). The primer sequences were as follows:
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SYK, forward: 5’-CATGTCAAGGATAAGAACATCATAGA-3’;
SYK, reverse: 5’-AGTTCACCACGTCAIAGTAGTAAATT-3’;
TNF-a, forward: 5’-GTGATCGGTCCCAACAAGGA-3’;
TNF-a, reverse: 5’- TTTGCTACGACGTGGGCTAC-3’;
IL-1B, forward: 5-GGACAGAACATAAGCCAACA-3’;
IL-1B, reverse: 5’-TCAGAGGCAGGGAGGGA-3’;

IL-6, forward: 5’-AGCCACTGCCTTCCCTACTTC-3;

IL-6, reverse: 5’-GGTCCTTAGCCCACTCCTTCTG-3;
MCP-1 Forward: 5’-ACTTGACCCATAAATCTGA-3’;
MCP-1 reverse: 5-TGGAAGGGAATAGTGTAAT-3’;
GAPDH, forward: 5’-CCACAGTCCATGCCATCAC-3’;
GAPDH, eeverse: 5’-GCTTCACCACCTTCTTGATG-3.
Relative expression levels were calculated by the 24 method.
GAPDH was used as an internal control.

Western blot

Cell lysates were extracted using RIPA buffer (CW Biotech Co.
Ltd., Beijing, China). The BCA protein assay kit (CW Biotech Co.
Ltd., Beijing, China) was performed to measure the protein con-
centration. Equal amounts of proteins were loaded on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
gels, transferred to polyvinylidene fluoride (PVDF) membranes
and incubated with primary antibodies, including anti-SYK anti-
body (ab40781) (Abcam, Cambridge, MA, USA), anti-collagen |
antibody (ab34710) (Abcam, Cambridge, MA, USA), anti-vimen-
tin antibody (ab8978) (Abcam, Cambridge, MA, USA), anti-
VEGF-A antibody (ab46154) (Abcam, Cambridge, MA, USA), anti-
E-cadherin antibody (ab1416) (Abcam, Cambridge, MA, USA),
anti-o-SMA antibody, (ab32575) (Abcam, Cambridge, MA, USA),
anti-TGF-B1 antibody (ab64715) (Abcam, Cambridge, MA, USA),
anti-p-Smad3 antibody (ab52903) (Abcam, Cambridge, MA,
USA), and anti-Smad3 antibody (ab40854) (Abcam, Cambridge,
MA, USA). The membranes were then incubated in the second-
ary horseradish peroxidase (HRP)-conjugated anti-rabbit anti-
body (1/1000) (ab6721) (Abcam, Cambridge, MA, USA) or
anti-mouse immunoglobulin G secondary antibody (1/1000)
(ab6785) (Abcam, Cambridge, MA, USA). The results were ana-
lyzed using the enhanced chemiluminescence (ECL) Western
blot substrate (Pierce Biotechnology, Shanghai, China). GAPDH
was used as an internal control.

Statistical analysis

Data were expressed as the meanzstandard deviation (SD).
Comparison between two groups was performed using
Student’s t-test, and comparison between three or more groups
using one-way analysis of variance (ANOVA) followed by Tukey’s
test. Pearson’s correlation analysis was used. A P-value of <0.05
was considered to be statistically significant. Statistical anal-
ysis was performed using SPSS version 22.0 software (IBM,
Chicago, IL, USA).
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Figure 1. Upregulation of SYK expression in peritoneal fibrosis. (A) Photomicrograph of the histology of changes in peritoneal tissue
in the rat model of peritoneal fibrosis compared with the control. There is mesothelial cell hyperplasia and peritoneal
thickening in the chlorhexidine digluconate-induced peritoneal fibrosis model group compared with the normal control
group. Scale bar, 500 pm. (B) Immunohistochemistry and quantitative reverse transcription-polymerase chain reaction
(qRT-PCR) were used to detect the expression of SYK. Scale bar, 500 pm. ** P<0.01 vs. sham. (C) The expression of
inflammatory cytokines, IL-1B, TNF-o,, IL-6, and MCP-1 in rat serum were detected. ** P<0.01 and *** P<0.001 vs. sham.

(D) The expression of SYK was significantly correlated with the levels of various inflammatory cytokines. All experiments
were independently conducted in triplicate. CG — chlorhexidine digluconate.

Results

Upregulation of SYK expression in peritoneal fibrosis

The rat model of peritoneal fibrosis was established to inves-
tigate the role of SYK in peritoneal fibrosis. Histology of the
peritoneal tissue in the rat model group treated with intra-
peritoneal chlorhexidine digluconate showed significant hy-
perplasia and fibrosis compared with the sham control group
(Figure 1A). Also, immunohistochemistry and quantitative re-
verse transcription-polymerase chain reaction (qRT-PCR) showed
that the expression of SYK was significantly upregulated in the
peritoneal tissues in the rat model group compared with the
sham control group (Figure 1B). In the rat model group treated
with intraperitoneal chlorhexidine digluconate, the expression

This work is licensed under Creative Common Attribution-
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of inflammatory cytokines interleukin-1p (IL-1B), TNF-c, IL-6,
and MCP-1 were significantly increased compared with the
sham control group (Figure 1C). The expression of SYK was
significantly correlated with the expression of IL-1f, TNF-q,
IL-6, and MCP-1 (Figure 1D). These data indicated both SYK
and inflammatory cytokines were upregulated in the rat mod-
el of peritoneal fibrosis treated with intraperitoneal chlorhexi-
dine digluconate.

High glucose induced peritoneal mesothelial cell fibrosis
and inflammation

Rat peritoneal mesothelial cells (PMCs) were stimulated by high
glucose for the in vitro model of peritoneal fibrosis. The mor-
phology of the peritoneal mesothelial cells in the high glucose
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Figure 2. High glucose induced peritoneal mesothelial cell (PMC) fibrosis and inflammation. (A) Microscopy shows that the rat
peritoneal mesothelial cell (PMC) morphology in cells cultured in high levels of glucose have a fibroblast-like morphology
compared with the control group. Scale bar, 500 ym. (B, C) SYK mRNA and protein levels were measured using quantitative
reverse transcription-polymerase chain reaction (qRT-PCR) and Western blot analysis. ** P<0.01 and *** P<0.001 vs. control.
(D) Levels of inflammatory cytokines IL-1B, TNF-q, IL-6, and MCP-1 in the supernatants were measured using enzyme-linked
immunosorbent assay (ELISA). * P<0.05 and ** P<0.01 vs. control. (E) Expressions of a-SMA, collagen I, vimentin, VEGF-A,
and E-cadherin were determined using Western blot. * P<0.05 and ** P<0.01 vs. control. All experiments were independently

conducted in triplicate. HG - high glucose.

group showed a fibroblast-like spindle cell morphology when
compared with the untreated control group (Figure 2A). Also,
mRNA and protein levels of SYK were significantly increased

in the high glucose group (Figure 2B, 2C). In the high glucose
group, the levels of vascular endothelial growth factor (VEGF)
and the inflammatory cytokines IL-1p, TNF-q, IL-6, and MCP-1
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were significantly higher than the control group (Figure 2D).
The expression of biomarkers of fibrosis, including a-SMA, col-
lagen I, vimentin and VEGF-A were also significantly upregu-
lated, while the expression of E-cadherin was significantly in-
hibited in the high glucose group (Figure 2E), indicating the
transformation of PMCs. These findings supported that high
expression of SYK was increased in the in vitro model of peri-
toneal fibrosis.

Knockdown of SYK reduced the expression of mediators
of fibrosis and inflammation in PMCs in the high glucose

group

Short hairpin RNA (shRNA) that specifically targeted SYK and
the use of its inhibitor, fostamatinib, were used to knock down
SYK expression. As shown in Figure 3A and 3B, mRNA expres-
sion and protein expression levels of SYK were significantly
down-regulated after transfection with sh-SYK or treatment
with fostamatinib, supporting the successful knockdown of
SYK (Figure 3C). When SYK expression was inhibited, fibril
formation of rat PMCs was significantly reduced, and the cell
morphology appeared to be normal in the SYK knockdown
cells (Figure 3D). The expression of inflammatory and fibrosis-
associated proteins was significantly inhibited in cells trans-
fected with sh-SYK or treated with fostamatinib (Figure 3E, 3F).
These findings supported that SYK was involved in fibrosis and
inflammation associated with high glucose levels in rat PMCs.

SYK mediated peritoneal fibrosis by activating
TGF-f1/Smad3 signaling in rat PMCs in vitro

To clarify the underlying mechanisms for SYK in the patho-
genesis of peritoneal fibrosis, we further investigated the rela-
tionship between SYK and the TGF-B1/Smad3 signaling path-
way in rat PMCs cultured in high levels of glucose. As shown in
Figure 4A, the activation of the TGF-f1/Smad3 signaling path-
way was observed in rat peritoneal tissues of chlorhexidine di-
gluconate-induced model of peritoneal fibrosis. SYK and TGF-p1
levels in all rat peritoneal tissues were increased (Figure 4B).
Also, in rat PMCs cultured in high levels of glucose, both TGF-f1
and p-Smad3 was significantly increased (Figure 4C). However,
when SYK was inhibited, the expression of TGF-B1 and p-Smad3
were down-regulated (Figure 4D). Overexpression of SYK signifi-
cantly increased the expression of SYK, TGF-B1, and p-Smad3,
as well as fibrosis-related proteins collagen I, vimentin, VEGF-A,
E-cadherin, and o-SMA (Figure 4E-4G). However, inhibition
of TGF-B1 by LY2109761 reversed the effects of SYK overex-
pression. These findings supported that SYK might modulate
the pathogenesis of peritoneal fibrosis through regulation of
TGF-B1/Smad3 signaling pathway.

ANIMAL STUDY

SYK mediated peritoneal fibrosis by regulating
TGF-$1/Smad3 signaling in the rat model in vivo

The findings from the in vivo rat model supported that the role
of SYK regulated by TGF-B1/Smad3 signaling. In the chlorhexi-
dine digluconate-induced rat model, when SYK was inhibited
by fostamatinib, or TGF-B1 was suppressed by LY2109761,
Masson’s trichrome staining showed reduced collagen pro-
duction in the rat peritoneal tissue (Figure 5A). SYK mRNA ex-
pression was also significantly reduced (Figure 5B, 5C). Down-
regulation of SYK was associated with significantly reduced
levels of inflammatory mediators (Figure 5D). Western blot
showed the inhibition of TGF-B1 or SYK significantly reduced
the expression of TGF-f1 and p-Smad3 in the chlorhexidine
digluconate-induced rat model (Figure 5E). These results sup-
ported that SYK could regulate the development of peritoneal
fibrosis by TGF-1/Smad3 signaling in vivo in the rat model
of peritoneal fibrosis.

Discussion

Despite the widespread use of peritoneal dialysis, patients may
experience complications that include changes in the perito-
neum, loss of peritoneal mesothelial cells, and epithelial-mesen-
chymal transition (EMT), which may impair peritoneal ultrafil-
tration and results in peritoneal inflammation and fibrosis [6].
SYK is a non-receptor tyrosine kinase (NRTK) that transmits
the activation signal of membrane receptors to downstream
effector molecules. There have been few previous studies on
the effects of SYK in the development of peritoneal fibrosis.
The findings from this study showed that SYK expression was
increased in peritoneal fibrosis, and inhibition of SYK reduced
the severity of fibrosis and inflammation through regulating
TGF-B/Smad3 signaling in both in vivo and in vitro models.

SYK plays an important role in the immune and inflammatory
responses and is involved in neoplasia, including in human
hepatocellular carcinoma [11,23,24]. The role of SYK in fibrosis
has previously been reported. Chen et al. showed that inhibi-
tion of SYK suppressed renal fibrosis through its anti-inflam-
matory effects and by down-regulation of the MAPK-p38 path-
way [25]. Qu et al. showed that SYK was upregulated in liver
fibrosis and suggested its role as a potential therapeutic tar-
get in the control of fibrosis [12]. In the present study, SYK was
found to be upregulated in peritoneal fibrosis, and the inhi-
bition of SYK could suppress fibrosis in rat peritoneal tissues.

Previously published studies have shown that TGF-$ and its
downstream regulatory signals are associated with myocardial
fibrosis and other fibrotic diseases [26,27]. Akhmetshina et al.
showed that TGF-f could mediate fibrosis through activa-
tion of Wnt signaling [28]. In a recent study, inhibition of
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Figure 3. Knockdown of SYK reduced peritoneal mesothelial cell (PMC) fibrosis and inflammation in conditions of high glucose.
(A, B) After knockdown of SYK and pretreating the rat PMCs with the SYK inhibitor, SYK expression was significantly
reduced. ** P<0.01 vs. shNC. * P<0.05 vs. control. (C) High glucose treatment promoted upregulation of SYK, but the effect
was significantly reversed after knockdown of SYK or pretreatment with SYK inhibitor. (D) High glucose treatment induced
the transformation of peritoneal mesothelial cells to fibroblast-like cells, which was blocked by knockdown of SYK or
pretreatment with the SYK inhibitor. Scale bar, 500 pm. (E) High glucose treatment induced the release of inflammatory
cytokines, and the release of these factors was significantly reduced after knockdown of SYK or pretreating PMCs with
its inhibitor. ** P<0.01 and *** P<0.001 vs. control. ** P<0.01 and *** P<0.001 vs. HG. * P<0.05 and ** P<0.01 vs. HG+shNC.
(F) High glucose treatment promoted the upregulated expression of a-SMA, collagen I, vimentin, and VEGF-A, while
the expression of E-cadherin was significantly inhibited. However, this effect was reversed after knockdown of SYK or
pretreatment with its inhibitor. All experiments were independently conducted in triplicate. HG — high glucose.
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Figure 4. SYK mediated peritoneal mesothelial cell fibrosis by activating TGF31/Smad3 signaling. (A) Western blot was performed
to assess the expression of TGF31/Smad3 signaling. * P<0.05 and ** P<0.01 vs. sham. (B) Pearson correlation between
TGFB1 and SYK in the peritoneal fibrosis model. (C) The expression of TGF-B1/Smad3 signaling of high glucose-induced
rat peritoneal mesothelial cells (PMCs) in the presence or absence of short hairpin RNA (shRNA) for SYK or its inhibitor
was determined using Western blot. * P<0.05 and ** P<0.01 vs. the control. (D) High glucose (HG) induced activation of
TGF-B1/Smad3 signaling. This effect was reversed after knockdown of SYK or pretreatment with its inhibitor. *** P<0.001 vs.
the control. * P<0.05 and *** P<0.001 vs. HG. * P<0.05 vs. HG+shNC. (E) Overexpression of SYK shown by quantitative reverse
transcription-polymerase chain reaction (qRT-PCR). *** P<0.001 vs. vector. (F) After pretreatment with the TGF-§ signaling
inhibitor, phosphorylation of SYK and activation of TGF-$1/Smad3 signaling were significantly inhibited. After pretreatment
with the TGF-B signaling inhibitor, high glucose induction and SYK overexpression treatment also showed similar effects.
* P<0.05 and *** P<0.001 vs. control. * P<0.05 and ** P<0.01 vs. HG. * P<0.05 and ** P<0.01 vs. HG+vector. ** P<0.01 and
*** P<0.001 vs. HG+SYK. (G) Pretreatment with the TGF-B signaling inhibitor significantly inhibited the upregulation of
o-SMA, collagen |, vimentin, and VEGF-A, and promoted the expression of E-cadherin. This effect was partially increased
after high glucose induction and SYK overexpression. ** P<0.01 and *** P<0.001 vs. control. * P<0.05, ** P<0.01 and
*** P<0.001 vs. HG. * P<0.05 and ** P<0.01 vs. HG+vector. * P<0.05 and *** P<0.001 vs. HG+SYK. All experiments were
independently conducted in triplicate. HG — high glucose.
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Figure 5. SYK mediated peritoneal fibrosis by regulating the TGF-B1/Smad3 signaling. Data show the changes after the use of the
SYK inhibitor or the TGF-B signaling inhibitor. (A) Abnormal hyperplasia of the peritoneal tissue is reduced. Scale bar,
500 pm. (B) The expression of SYK in peritoneal tissues is significantly reduced. Scale bar, 500 uym. (C) Upregulation of
SYK is inhibited, as in Figure A. ** P<0.01 vs. sham. * P<0.05 vs. chlorhexidine digluconate. (D) Significant inhibition of
the expression of inflammatory cytokines. ** P<0.01 and *** P<0.001 vs. sham. * P<0.05 and ** P<0.01 vs. chlorhexidine
digluconate. (E) Phosphorylation of SYK is inhibited and also blocks the activation of TGF-f signaling. ** P<0.01 and
*** P<0.001 vs. sham. * P<0.05, ** P<0.01 and *** P<0.001 vs. chlorhexidine digluconate. All experiments were independently
conducted in triplicate. CG - chlorhexidine digluconate.
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TGF-B1 signaling was shown to result in suppression of lung
fibrosis [29]. TGF-B1 has also been reported to induce peri-
toneal fibrosis through the activation of the Smad signal-
ing pathway [30]. The findings from this study showed that
TGF-B/Smad3 signaling was activated in the rat models of peri-
toneal fibrosis, and the inhibition of TGF-§ significantly sup-
pressed fibrosis of the peritoneal tissues and cells.

Previously published studies have shown that TGF-f signaling
is closely associated with the activity of SYK, and the kinase
activity of SYK is essential for the activation of some signaling
receptor downstream effector molecules [25]. Upregulation and
phosphorylation of SYK are important pathways for activation of
the TGF-B1 signaling pathway [31]. The SYK inhibitor R406 has
been shown to down-regulate inflammation through regulation
of TGF-B1 signaling in an in vitro model of Pseudomonas aeru-
ginosa infection [32]. Bin et al. also showed that the inhibition
of SYK resulted in suppression of TGF-B1 signaling and resulted
in the inhibition of epithelial-mesenchymal transition (EMT) in
corneal epithelial cells [33]. Inhibition of TGF-B1 by LY2109761
has previously been shown to suppress the expression of SYK,
indicating that the interaction between SYK and TGF-f1 was
bidirectional [33]. In the present study, the activation of SYK
was shown to increase the progression of peritoneal fibrosis
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through activation of the TGF-f1/Smad3 signaling pathway, and
inhibition of TGF-B1 also resulted in down-regulation of SYK.
These findings are supported by previous studies. However,
further in vivo studies are needed to provide insights into the
relationship between SYK and TGF-B1 signaling.

Conclusions

This study aimed to investigate the role of SYK in an in vivo
rat model of peritoneal fibrosis and in rat peritoneal meso-
thelial cells (PMCs) in vitro and to investigate the underly-
ing mechanisms. The findings showed that the expression of
SYK increased peritoneal fibrosis through activation of the
TGF-B1/Smad3 signaling pathway and inhibition of SYK ac-
tivity reduced inflammation and peritoneal fibrosis. The find-
ings from this preliminary study should be supported by fur-
ther studies to determine whether SYK and the TGF-$1/Smad3
signaling pathway have potential roles as novel therapeutic
targets to control peritoneal fibrosis.
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